161 Ho (2.48 h) is a promising Auger-electron emitter for internal radiotherapy that can be produced with particle accelerators. The excitation functions of the nat Dy(p,xn) 161 Ho and nat Dy(d,x) 161 Ho reactions were measured up to 40 and 50 MeV respectively by using the stacked foil activation method and -ray spectrometry. The experimental data were compared with results of the TALYS code available in the TENDL 2011 library [1] . The main parameters of different production routes are discussed.
Introduction
The radiolanthanide 161 Ho is an Auger-electron emitter having also low energy photons in high abundance. It is very suitable for internal radiotherapy of small tumors because of the low energy electrons emitted. The short range of Auger electrons however requires that labeled compounds approach the cell nucleus. It is also interesting as low-energy narrow-band X-ray source for internal irradiation [2, 3, 4, 5, 6] . Different routes exist to produce 161 Ho with particle accelerators. One route is α-or 161 Ho production, the contamination with the longer-lived excited state has some importance at the beginning after EOB, which will be reduced by the waiting time. The decay through internal transition of 162m Ho is followed only by low energy low intensity γ-ray emission, but the 38% electron capture decay results in strong high energy γ-lines (see Table 1 ). The cross-sections of the 159 Tb(α,2n) 161 Ho reaction was investigated by several authors (see in comparison of production routes). Although the basic crosssection data are still missing the proton induced reaction was also was used for practical production [5] . The deuteron induced reaction was not used yet for the production and no cross-section data were published. We decided to investigate the excitation functions of the proton and deuteron routes experimentally. Naturally occurring dysprosium is composed of 7 to possibly disturbing activation products, should require highly enriched targets. A second possibility is to use natural targets and to use results of theoretical calculations to separate the contributions of the different target isotopes. This supposes an accurate predictivity of the calculations and a method to check the reliability has to be implemented. We adopted this approach by making measurement of production cross-section of 161 Ho on nat Dy target with protons and deuterons and by comparing our experimental data with the predictions of the theoretical model codes. In case of good agreement we can then compare the different charged particle production routes using theoretical results validated by integral experiment.
Experimental and data evaluation
The general characteristics and procedures for irradiation, activity assessment and data evaluation (including estimation of uncertainties) were similar as in our many earlier works [7, 8, 9, 10, 11] . The main experimental parameters for the present study including the chosen monitor reactions [12] are summarized in Table 1 . The main methods used in data evaluation and the used decay data [8, 13, 14, 15, 16, 17, 18, 19, 20] are collected in Table 2 and Table 3 . The excitation function of simultaneously measured proton and deuteron monitor reactions and comparison with recommended values are shown in Fig. 1 .
Results

Cross-sections
The measured excitation functions for 
Yield
Physical yield [20] calculations. The numerical data important for further data evaluation are collected in Tables 4 and 5 162m Ho production reactions are shown in Fig.  8 . The calculated integral yield represents so called physical yield i.e. yield obtained in a short irradiation [19] . The nat Dy(p,xn) 161 Ho yields are compared with the experimental data of Stephens [5] . The value calculated by the Stephens' result for 11.6 MeV proton bombardment is significantly lower than our result, but it can be caused by the fact that the irradiation time was not published in that paper. Comparing the saturation activities, which are 1.8 GBq by Stephens (after 3.6 hours) and 1.89 GBq in our measurement/calculation, the agreement can be considered as good. 
Comparison of production routes on different target materials
The main parameters of the selected low and medium energy reactions that can lead to production of 161 Ho on different target materials are collected in Table 6 . The excitation functions of the proton and deuteron routes are shown in Figs. 2-3 and Fig 4-5 . Mukherjee [21] and Bonesso [22] range. The ratio of the saturation yields of the main reaction and of competing impurity reaction is shown in Fig. 12 as a function of energy. In the production energy range the ratio is lower than 3 -The half-life of 162m Ho is three times shorter, therefore by using a short irradiation, the activity impurity level will reach 3%. But by using irradiations lasting two half-life of 161 Ho and taking into account 1 hour needed for the chemical separation and the labeling process the impurity level of 162m Ho will be reduced to 1% by decay.
Summary and conclusions
The principal aim of this work was an investigation of the production possibility of the radiotherapy related 161 Ho. We present first experimental cross-sections for nat Dy(p,xn) 3 He gas is expensive. On the basis of the production yields, the impurity levels and the requirements of the medical application the 161 Dy(p,n) reaction is the production method of best choice. Fig. 12 12. The ratio of the saturation yield of the main reaction and the satellite impurity reaction
